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1.0 INTRODUCTION 

SECOR International Incorporated (SECOR), on behalf of Atlantic Richfield Company, has 
prepared this Corrective Action Plan (CAP) for ARCO Facility #1919 located at 660 Via de la 
Valle, in Solana Beach, California (Figures 1 and 2).  The CAP was requested by the County of 
San Diego Department of Environmental Health, Site Assessment and Mitigation Program 
(SAM), in a letter dated July 21, 2005.  The CAP provides a summary of assessment 
information for the site and an evaluation of, and recommendations for, remediation of 
hydrocarbon-impacted soil and groundwater at the site.  The CAP has been prepared in general 
accordance with the SAM Manual (2004) and the requirements of California Code of 
Regulations Title 23, Division 3, Chapter 16, Article 11. 
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2.0 SITE BACKGROUND 

2.1 SITE IDENTIFICATION 

a) Site Address: ARCO Facility #1919 
  660 Via de la Valle 
  Solana Beach, California 92075 
      
b) Current Site Use: Gasoline Service Station/Retail Store (ARCO Facility #1919) 
 
c) Assessor's Parcel No.: 298-270-24 
 
d) Property Owner: Sumeet Parekh & Sanjay Parekh,  
  Mark R. Brutten 
  P.O. Box 5015 
  Buena Park, CA 90622 
 
e) Responsible Party: Atlantic Richfield Company  
  4 Centerpointe Drive 
  La Palma, CA 90623 
 
f) Consultant: SECOR International Incorporated 
  2655 Camino Del Rio North, Suite 302 
  San Diego, CA  92108 
  (619) 296-6195 
 
g) Contact: Bradley G. Eisenberg, PG #6872 
  SECOR International Incorporated 
  2655 Camino Del Rio North, Suite 302 
  San Diego, CA  92108 
  (619) 296-6195 
 
h) SAM Site #: #H05166-002 
 
2.2 SITE DESCRIPTION AND USAGE 

ARCO Facility #1919 is located at 660 Via de la Valle in Solana Beach, California, on the 
northeast corner of the intersection of Via de la Valle and Jimmy Durante Boulevard  (Figure 2).  
The site is an active gasoline service station consisting of a single story structure containing an 
AM/PM market that is on an asphalt and concrete paved lot.  The site fueling facilities include 
four USTs and six dispenser islands, each with one multi-product dispenser.  The site is 
bordered by Valley Avenue to the west, Highland Drive to the northwest, PacLantic’s Pacific 
View Center business complex to the north, an alley to the east, and Via de la Valle to the 
south.  Bus parking for the Del Mar Fairgrounds and a Denny’s restaurant are situated across 
Via de la Valle to the south. Access to the service station is by Via De La Valle from the south 
and Highland Drive from the northwest. 
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A review of the 1967 (photorevised 1975) U.S. Geological Survey (USGS) Del Mar, California, 
7.5-minute quadrangle topographic map indicates that the site lies at an elevation of 
approximately 10 feet above mean sea level (MSL).  The site is located at the north edge of the 
San Dieguito Valley and at the southwestern foot of a steep slope which reaches an elevation of 
69 feet above MSL approximately 1,100 feet north of the site (Figure 1).  The site is separated 
from the adjacent property to the north and east by retaining walls.  The site and vicinity to the 
south, on the valley floor, slopes gently to the southwest toward the San Dieguito River, located 
approximately 2,800 feet to the south. The San Dieguito River discharges to the Pacific Ocean, 
located approximately 1 mile to the west of the site. 
 
2.3 GEOLOGY 

The site vicinity is underlain by Quaternary alluvium and Eocene marine sedimentary rocks.  
The Eocene marine sedimentary rocks in the vicinity of the site are comprised of the Rose 
Canyon Formation, the Torrey Sandstone, and the Delmar Formation.  These units consist of 
siltstone and mudstone, gray shale, sandstone and conglomerates with thin beds of limestone 
and oyster beds (Kennedy, 1975).  The site is immediately underlain by Quaternary 
undifferentiated alluvium and slopewash consisting of poorly to moderately consolidated 
deposits of clay, silt, sand, and trace gravel-sized particles derived from local bedrock sources.  
Based on soil boring logs from previous drilling events, the undifferentiated alluvium and 
slopewash materials consist primarily of poorly graded sand, and silt with occasional clayey 
lenses and extend to the depths of 17 feet bgs.  Based on interpretation of boring logs, the 
Torrey Sandstone is estimated to underlie the site at depths greater than 15 feet bgs beneath 
the site and the general vicinity to the west and south.  The hill north and east of the site, where 
the boring for well MW-26 was drilled, has a surface elevation of at least 13 feet higher than the 
other wells at the site and is underlain by Torrey Sandstone from near ground surface to at least 
the total well depth of 40.5 feet bgs.  Torrey Sandstone under the site consists of silty sandstone 
and sandy siltstone.  The general stratigraphy encountered during assessment drilling is 
included on borehole logs (Appendix A) and on Cross-Sections A-A’ and B-B’ referenced on 
Figure 3 and illustrated on Figures 4 and 5, respectively.  
 
2.4 HYDROGEOLOGY 

The site lies within the Rancho Santa Fe Hydrologic Subarea (905.11) of the Solana Beach 
Hydrologic Area (905.10) of the San Dieguito Hydrologic Unit (905.00).  Groundwater in this 
hydrologic subarea has beneficial uses for municipal, agricultural, and industrial process supply 
but the beneficial uses do not apply to the site as stated by the California Regional Water Quality 
Control Board (CRWQCB) [CRWQCB, 1994] (Table 1).  The site is located west of the Interstate 
Highway 5 and therefore is excepted from being a source of drinking water.   
 
The San Dieguito Lagoon is located approximately one-half mile to the south of the site and 
flows from the east to the west (Figure 1).  As shown on Table 1, the CRWQCB has designated 
the San Dieguito Lagoon as having beneficial uses of contact and non-contact water recreation; 
biological habitat of special significance; estuarine, marine, and wildlife habitat; and rare, 
threatened, or endangered species (CRWQCB, 1994).  The San Dieguito River, which feeds 
into the lagoon approximately one-half mile southeast of the site, and the rivers tributary creeks 
that are located in this hydrologic subarea, are designated by the CRWQCB as having 
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beneficial uses of contact and non-contact water recreation, warm freshwater habitat and 
wildlife habitat; and potential uses of agricultural and industrial process supply. 
 
As shown on Cross-Sections A-A’ and B-B’, groundwater is interpreted to occur within the 
alluvium and Torrey Sandstone (Figures 4 and 5).  Most wells are screened within the alluvium 
only.  The bottom of some well screen intervals penetrate into the Torrey Sandstone (e.g.,  
MW-17).  Well MW-26 is screened entirely within the Torrey Sandstone.  Based on groundwater 
gauging, groundwater elevations appear to be similar in the alluvium and Torrey Sandstone, 
indicating high hydraulic connectivity between the geologic materials in the site area (Figures 4 
and 5).   
 
Based on quarterly monitoring events, groundwater beneath the site ranges from approximately 
6 to 10 feet below ground surface (bgs) corresponding to elevations ranging from approximately 
4 to 6 feet above mean sea level (MSL).  Approximate groundwater flow direction is generally to 
the southwest.  The groundwater gradient map for the third quarter 2005 event is presented as 
Figure 6 (SECOR, 2005). 
 
2.5 LIMITED RECEPTOR SURVEY 

SECOR conducted a limited potential sensitive receptor survey during 2004, which included 
governmental agency database and record inquiries and review, review of maps, and a site 
vicinity reconnaissance for wells and potential receptors (SECOR, 2004).  SECOR personnel 
conducted a field reconnaissance February 10, 2004 to determine the presence or absence of 
potential sensitive receptors (e.g., schools and municipal or domestic production wells). A 
summary of the findings is presented below. 
 
2.5.1 Adjacent Properties 

The site vicinity generally consists of commercial use properties and the Del Mar Fair Grounds.  
The site is bordered by Valley Avenue Highland Drive to the northwest, PacLantic’s Pacific View 
Center business complex to the north, an alley to the east, and Via de la Valle to the south.  A 
restaurant is situated beyond Valley Avenue to the west. Bus parking for the Del Mar 
Fairgrounds and a Denny’s restaurant are situated across Via de la Valle to the south. Interstate 
5 is situated on land east of the site. Potential sensitive receptors were not reported or observed 
on these properties. 
 
2.5.2 Other Properties 

Four schools (St. James Catholic Community School, Santa Fe Christian Schools, St. Leos 
Mission and the Santa Fe Montessori School) are located within a one-mile radius. The schools 
are located up-gradient and greater than one-half mile from the subject site, and therefore are not 
likely to be impacted from the site. 
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2.5.3 Groundwater Production Wells 

SECOR contacted the San Dieguito Water District, City of Del Mar, the California Department of 
Water Resources, and the manager of the Del Mar Fairgrounds/Racetrack to inquire the 
presence of water supply wells within a one-mile radius or at the Fairgrounds.  Additionally, 
SECOR reviewed the following documents: Private Water List (database reviewed at offices of 
DEH); Banks Information Solutions Inc. Water Well Report (Appendix B); Geo Tracker™; and the 
USGS Del Mar California quadrangle topographic map (USGS 1967, photo revised in 1975) and 
the USGS web site.  Based on the database search, inquiries, and site reconnaissance there are 
no reported groundwater production wells exist within one-mile radius of the site. Production wells 
were not observed during the site reconnaissance.  
 
2.5.4 Surface Water 

The site is located approximately 2,800 feet north of the San Dieguito River.  The San Dieguito 
River, identified by the CRWQCB as having beneficial uses defined as a “coastal surface water” 
(Table 1), flows westward into the San Dieguito Lagoon and then into the Pacific Ocean, 
approximately 1 mile west of the site.  Other surface water bodies were reported or observed 
within one-half mile of the site. Based on the distance to the San Dieguito River it is unlikely that 
it will be impact by the site. 
 
2.5.5 Environmentally Sensitive Receptors 

The San Dieguito River is designated by the CRWQCB as having beneficial uses of contact and 
non-contact water recreation, warm freshwater habitat and wildlife habitat; and potential uses of 
agricultural and industrial process supply.  The CRWQCB has designated the San Dieguito 
Lagoon as having beneficial uses of contact and non-contact water recreation; biological habitat 
of special significance; estuarine, marine, and wildlife habitat; and rare, threatened, or 
endangered species, migration of aquatic organisms (Table 1; CRWQCB, 1994).  Based on the 
distance to the San Dieguito River and Lagoon, it is unlikely that these areas will be impacted by 
the site. 
 
 
2.6 PREVIOUS ENVIRONMENTAL ACTIVITIES 

In Fall 1990, on-site assessment began with the drilling of six hand auger borings (PL-1 through 
PL-6) and nine hollow-stem auger borings (B-1 through B-9), eight of which were converted to 
monitoring wells designated MW-1 through MW-8 (Alton, 1991).  Locations of the previous hand 
auger borings are shown on Alton’s Figure 3a presented in Appendix B, and the locations of the 
hollow stem auger borings/wells are shown on Figures 2 and 3.  Based on analytical results, 
Alton estimated hydrocarbon-impacted soil extended to approximately 3 feet below groundwater 
in the former UST location (see Table 2 and Alton’s Figures 4 in Appendix B).  Petroleum 
hydrocarbons were reported in soil to the southwest and northeast of the former USTs and 
below product lines.  Liquid-phase petroleum hydrocarbon (LPH) was reportedly measured in 
wells MW-1, MW-4, MW-5, and MW-8 (Table 3).   
 
In February 1991, Alton performed an aquifer pump test, which included step-drawdown and 
slug-injection tests.  Well MW-6 was used for the step drawdown aquifer test and wells MW-1 
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and MW-4 through MW-8 were used for the slug injection aquifer tests.  Alton reported the 
following test results:  the estimated hydraulic conductivity ranged from 4.2 X 10-3 to 1.2 X 10-2 
foot per minute (ft/min); the estimated transmissivity ranged from 3.8 X 10-2 to 2.0 X 10-1 foot 
squared per minute (ft2/min); and storage values ranged from 8 X 10-5 to 1 X 10-2.  Specific yield 
was reported as at least 0.1 (Alton, 1993a).  The pumping rate of 3.1 gallons per minute (gpm) 
had an efficiency of 70%, and at 1 gpm efficiency was 93%.  Alton predicted that the single-well 
pumping rates of 0.45 and 0.9 gpm for 2 and 4 feet of drawdown at efficiencies greater than 
95% after 30 days.  Alton also concluded that there was no relationship between groundwater 
fluctuations at the site and marine tidal pulses.   
 
In May 1991, Alton conducted a soil vapor extraction (SVE) pilot test.  The results were 
documented in Alton’s “Subsurface Testing Report” dated March 10, 1993 (Alton, 1993a).    
Well MW-8 was used as an air injection well with wells MW-1, MW-2, and MW-5 as observation 
wells for SVE pilot testing.  In addition, vapor samples were collected from wells MW-1 through 
MW-8 prior to air injection.  Alton estimated SVE from one well at 50 scfm would produce a 
radius of influence of 70 feet.   
 
December 1991 through May 1993 weekly remedial events to remove LPH using a vacuum 
pump truck.  These activities were discontinued due to low LPH recovery (Alton, 1994b).  An 
estimated 180 gallons of LPH were recovered from these events. 
 
In February 1992, Alton drilled and sampled seven soil borings (B-10 through B-16) and 
completed them as groundwater monitoring wells, designated MW-10 through MW-16 for the 
purpose of further on-site and off-site assessment (Alton, 1992a).  Soil sample analytical results 
are summarized in Table 2 and on Figure 3.  Quarterly groundwater sampling commenced with 
the installation of these seven wells.  Measured LPH thicknesses were reported to range from 
0.01 to 0.96 foot in wells MW-1, MW-4, MW-5, MW-7, and MW-8 (Table 3).   
 
In July 1992, additional site characterization was conducted with the installation of three 
additional monitoring wells, MW-17, MW-18, and MW-19 (later designated MW-19A; Alton, 
1992d).  Soil sample analytical results are shown in Table 2 and on Figures 3 and/or 7.  An 
additional off-site monitoring well was planned to be installed on the adjacent property to the 
north, on PacLantic’s Pacific View Centre, but Alton did not receive access authorization.    
 
In August 1992, Alton collected four soil samples from one hand auger boring (HA-7) to 
investigate a reported product line leak (Alton, 1992c).  Soil sample analytical results are shown 
in Table 2 and the location of HA-7 is shown on Alton Figure 3a in Appendix B.  Gasoline-range 
organics carbon-chain range from C6 through C12 (GRO)1 was reported in samples from 1.8 to 
8.8 feet below ground surface (bgs) ranging from 7,894 to 139,439 milligrams per kilogram 
(mg/kg).   
 
In October 1993, Alton drilled and collected soil samples from borings B-20 through B-27 to 
further assess hydrocarbon impact prior to UST system replacement activities and to evaluate 
the feasibility of remediation by over-excavation (Alton, 1993b).  Soil sample analytical results 
                                                 
1 The results of California Department of Health Services Modified EPA Test Method 8015 are presently 
reported as gasoline-range organics C6-C12 (GRO). In the majority of referenced reports this analysis was 
reported as total petroleum hydrocarbons as gasoline [TPH or TPHg] without consistent definition of 
carbon chain range included. The terms GRO, TPH, and TPHg are used interchangeably herein. 
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are shown in Table 2 and on Figure 3.  Alton concluded that over-excavation was not a viable 
remediation alternative.  Prior to tank replacement activities, wells MW-1, MW-2, MW-3, MW-4, 
MW-5, MW-7, MW-8, and MW-12 were properly destroyed due to the proximity of the wells to 
the planned fieldwork activities.  
 
On October 15, 1993, one 8,000 gallon, two 6,000 gallon, and two 4,000 gallon USTs were 
removed from the site and replaced with the four currently existing 10,000 gallon USTs.  
Following UST system removal, soil samples designated PLA-1 through PLA-12 were collected 
in the vicinity of the former dispensers and analyzed for petroleum hydrocarbon constituents.  
Soil sample locations are shown on Alton’s Figure 3a in Appendix B and the soil analytical 
results are summarized in Table 2.    
 
In January 1994, during station reconstruction activities, one soil sample designated SR-1 was 
collected from the bottom of a trench and analyzed for petroleum hydrocarbon constituents. Soil 
analytical results are summarized in Table 2 and Alton’s Figure 3a in Appendix B.   
 
In early 1994, Alton installed piping for an SVE system and San Diego Gas & Electric (SDG&E) 
excavated a trench in Valley Avenue for electrical supply conduit to the station (Alton, 1994a). 
Alton collected three soil samples (TR-1, TR-2, and TR-3) from the off-site SDG&E trench.   
 
In April 1994 Alton installed monitoring wells MW-19 (later designated MW-19B), MW-20, and 
MW-21 and vapor extraction wells VEW-26, VEW-27, and VEW-28 (Alton, 1994d).  In June 
1995, SECOR installed seven air sparge (AS) wells, SP-1 through SP-7.  Soil sample locations 
are shown on Figures 3 and/or 7, and the soil analytical results are summarized in Table 2.   
 
In 1995, SECOR began operation of the SVE system and brought the AS system on-line in 
1999 (SECOR, 2000a).  After concentrations decreased to near asymptotic levels, the AS/SVE 
remediation system was operated in pulse/direct ventilation mode until SECOR shut down the 
system on June 19, 2003, and has not been operated since.  SECOR records indicate a total of 
11,019 pounds of hydrocarbons were removed and destroyed during operation of the remediation 
system (SECOR, 2003b).   
 
In July 2000, SECOR installed two additional monitoring wells designated MW-22 and MW-23 at 
the locations shown on Figure 7 (SECOR, 2000b).  The purpose of these wells was to evaluate 
the downgradient extent of dissolved-phase petroleum hydrocarbons.  Soil sample analytical 
results are summarized in Table 2 and on Figure 7.   
 
In January 2003, SECOR performed oversight activities for the removal of six fuel dispensers 
and the associated product piping at the site (SECOR, 2003a).  Six soil samples from beneath 
the former dispensers (D1 through D-6, Figure 8) and one from the product line trenches 
(PP-90°) were collected under the supervision and direction of the County of San Diego, 
Department of Environmental Health, Hazardous Materials Division (HMD) inspector.  
Additionally, four samples were collected from the soil stockpile for disposal characterization.  
The soil samples were analyzed for petroleum hydrocarbon constituents and analytical results 
are summarized on Table 2. Based on the soil sample analytical results, SECOR recommended 
no further assessment (SECOR, 2003a).   
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In October 2003, SECOR installed three additional monitoring wells designated MW-22 and 
MW-23 at the locations shown on Figure 7 (SECOR, 2004b).  The purpose of these wells was to 
further evaluate the extent of downgradient, off-site dissolved-phase petroleum hydrocarbons 
and the presence and extent, if any, of dissolved petroleum hydrocarbons upgradient of the site. 
Soil sample analytical results are summarized in Table 2 and on Figure 7. SECOR also 
performed a limited sensitive receptor evaluation during 2004 and reported within the additional 
off-site assessment report. The receptor evaluation findings are summarized elsewhere herein. 
 
Periodic groundwater monitoring and sampling began in the first quarter 1992 and has been 
conducted quarterly through the most recent sampling event on September 12, 2005.  Historic 
groundwater gauging results are summarized in Table 3 and historical groundwater sample 
petroleum hydrocarbon and lead analytical results are summarized in Tables 4a and 4b. 
Groundwater elevations and the gradient have generally been consistent at the site; 
representative groundwater elevations and the gradient are illustrated on Figure 6 (third quarter 
of 2005 [September 12, 2005]). The historical distribution of dissolved GRO (TPHg), benzene 
and MTBE for select sampling events during 1996, 1998 and 2000, and the most recent event 
on September 12, 2005, are summarized in Figures 9A through 9D. Benzene and MTBE 
isoconcentration contours for select sampling events during 2001 and 2003 and the most recent 
event on September 12, 2005, are shown on Figures 10A through 10C. 
 
On September 12th and 13th, 2005, SECOR collected additional groundwater samples during 
the third quarter 2005 monitoring and sampling event for analysis of baseline remediation by 
natural attenuation (RNA) indicator parameters (SECOR, 2005).  The RNA data were used to 
evaluate whether or not natural attenuation of petroleum hydrocarbons is occurring at the site, 
at least in part as a result of biodegradation.  Dissolved oxygen (DO), oxidation-reduction 
potential, pH, specific conductance, and temperature were measured using a downhole 
instrument. Groundwater samples were analyzed for nitrate (as nitrogen), sulfate, sulfide, total 
iron (used to calculate ferric iron concentrations), ferrous iron, methane, ammonia, and 
alkalinity.  A summary of the baseline RNA indicator parameter analytical results and field 
measurements is presented in Table 5, and the distribution of select parameters is illustrated on 
Figure 11.  GRO, BTEX, and MTBE analytical results from the third quarter 2005 groundwater 
sampling event are also included in Table 5 and on Figure 11 for comparison.  As shown in 
Table 5 and/or on Figure 11, areas at the site with relatively higher petroleum hydrocarbon 
concentrations (or in close proximity and downgradient of these areas) generally coincide with 
areas with higher ferrous iron, sulfide, and methane concentrations, lower oxidation-reduction 
potentials, and lower DO and nitrate concentrations.  This suggests that biodegradation of 
dissolved petroleum hydrocarbons at the site is occurring via aerobic respiration, denitrification, 
sulfate reduction, ferric-iron reduction, and methanogenesis.   
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3.0 ASSESSMENT OF IMPACTS 

The purpose of this section is to (1) identify the contaminants of concern (COCs) present at the 
site; (2) discuss the chemical, physical, toxicological and environmental fate/transport 
characteristics of the COCs; and (3) describe the extent of COC impact to soil, groundwater, 
surface water, air and subsurface utilities at and near the site.   
 
3.1 CONTAMINANTS OF CONCERN 

Available information regarding past and present UST operations at the site indicates that the 
USTs were, and currently are, used for storing gasoline.  Accordingly, laboratory analytical test 
methods during the site assessment activities addressed gasoline-related hydrocarbons and 
additives.  Diesel has reportedly not been stored or sold at the site.  Laboratory analysis of soil 
and groundwater samples during assessment identified gasoline as the principal COC at the 
site.  Gasoline-related COCs that have been identified in soil and/or groundwater include GRO  
(TPHg), benzene, toluene, ethylbenzene, total xylenes (BTEX), methyl tertiary butyl ether 
(MTBE), tert-butyl alcohol (TBA), and several detected analytical results for tert-amyl methyl 
ether (TAME). 
 
3.2 CONTAMINANT CHARACTERISTICS 

Key chemical, physical, environmental fate/transport characteristics and relevant regulatory 
levels of the COCs are summarized in Table 6.  Additional information on the COCs is 
summarized below.  
 
3.2.1 Gasoline 

Gasoline is a clear liquid with a characteristic odor that is used as a fuel for internal combustion 
engines and is a solvent.  Gasoline is a flammable liquid and has a low solubility in water.  
Gasoline vapors are also flammable and may flash if an ignition source is present.  Gasoline 
contains chemicals which are hazardous to human health and may cause cancer (NJDHSS).  
The primary COCs in gasoline that have been reported in samples from the site are discussed 
individually in the following paragraphs.   
 
3.2.2 Benzene 

Benzene is a colorless liquid with an aromatic odor.  It is found in gasoline, is used in making 
other chemicals and is used as a solvent.  Commercial use of benzene as a solvent is generally 
being phased out due to its toxicity.  Benzene is flammable in liquid and vapor states and 
vapors may flash if an ignition source is present.  Benzene is a carcinogen and mutagen which 
is readily absorbed through inhalation, ingestion and dermal pathways (NJDHSS).   
 
3.2.3 Toluene 

Toluene is a colorless liquid with a sweet, strong odor.  It is present in gasoline and used in 
making other chemicals, perfumes, dyes and detergents.  Toluene is flammable in liquid and 
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vapor states and vapors may flash if an ignition source is present.  Toluene exposure may 
damage a developing fetus (NJDHSS).   
 
3.2.4 Ethylbenzene 

Ethylbenzene is a colorless liquid with an aromatic odor that is found in gasoline, used in the 
production of polymers and is used as a solvent.  Ethylbenzene is flammable in liquid and vapor 
states, and vapors may flash if an ignition source is present.  Long term exposure to 
ethylbenzene may cause damage to the liver.  The State of California considers ethylbenzene to 
be a carcinogen.   
 
3.2.5 Xylenes 

Xylene isomers (meta-xylene, ortho-xylene and para-xylene) are clear liquids with strong odors.  
Xylenes are found in gasoline and used as solvents.  Xylenes are flammable in liquid and vapor 
states, and vapors may flash if an ignition source is present.  Long term exposure to xylenes 
may damage the liver and kidneys, and xylenes may damage a developing fetus (NJDHSS).   
 
3.2.6 Methyl Tert-Butyl Ether 

Methyl tert-butyl ether (MTBE) is a colorless liquid that has historically been used in gasoline as 
an octane booster and to reduce hazardous emissions from automobiles.  MTBE is flammable 
in liquid and vapor states, and vapors may flash if an ignition source is present.  Long-term 
exposure to MTBE may cause damage to the kidneys and is an animal carcinogen (Lyondell, 
2003).  The general use of MTBE in gasoline in the State of California was phased-out in 2003.  
The State of California considers MTBE a suspected human carcinogen based on carcinogenic 
effects observed in experimental animals (CalEPA, 1999).  
 
3.2.7 Tert-Butanol 

Tert-butanol (TBA) is an oily, colorless liquid or solid with a mothball-like odor.  TBA is used as a 
solvent for pharmaceuticals, as a paint remover and as an additive in unleaded gasoline.  TBA 
is flammable as a solid or liquid and poisonous gases may be produced in a fire.  TBA is not 
listed as a carcinogen or known to adversely affect reproduction; however high levels of 
exposure to TBA may affect kidney and liver function and be a respiratory and dermal irritant 
(NJDHSS).   
 
3.2.8 Tert-Amyl Methyl Ether 

Tert-amyl methyl ether (TAME) is a colorless liquid that was historically used in gasoline as an 
octane booster and to reduce hazardous emissions from automobiles.  TAME is flammable in 
liquid and vapor states, and vapors may flash if an ignition source is present. Adverse 
reproductive effects have been reported in animals. Chronic exposure will cause neurological 
degradation and/or abnormalities (Acros Organics N.V., 2002). 
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3.2.9 Fate, Transport and Persistence of Contaminants of Concern in the Environment 

Chemical fate and transport in the environment is dependent on a variety of factors relating to 
the physical and chemical properties of the substance(s) released and the subsurface 
conditions at the release site.  A full fate and transport analysis was beyond the scope of this 
document; however, a general discussion of fate and transport of the contaminants of concern 
is provided below. As discussed in the previous sections, benzene and MTBE are classified by 
the State of California as carcinogens and therefore represent the greatest potential risk to 
human health and the environment. Therefore, discussion of fate and transport and persistence 
in the environment will focus on these two compounds.  Toluene, ethylbenzene, and xylene 
isomers are anticipated to behave similarly to benzene, while TBA and TAME are anticipated to 
behave more like MTBE. 
 
A comparison of chemical properties of benzene and MTBE (Table 6) shows that MTBE is 
approximately 24 times more soluble in water than benzene and has a lower soil sorption 
coefficient (Koc).  Therefore, when released into the environment MTBE is more likely to reach 
groundwater, and when groundwater is reached it is more readily transported with groundwater 
flow.     
 
Biodegradation and chemical oxidation commonly occur in the subsurface and may act to 
reduce COC concentrations over time.  Biodegradation occurs when microorganisms in the 
subsurface consume a chemical under aerobic or anaerobic conditions.  The extent of 
biodegradation that occurs is dependent on the types of microorganisms that are present, 
site-specific environmental conditions, and the presence of sufficient nutrients to support the 
microorganisms.  Benzene is reported to be readily biodegradable under aerobic conditions in 
surface water with a half-life ranging from as little as two days to 17 days; however, aerobic 
degradation is expected to occur more slowly in groundwater.  Benzene biodegradation does 
not occur as readily under anaerobic conditions. 
 
MTBE is not a naturally occurring substance.  As a result, MTBE biodegradation rates are 
typically low compared to refined petroleum products.  Studies have shown that MTBE can 
biodegrade at low to moderate rates resulting in residual TBA, which in turn is easily mineralized 
to CO2 and H2O. Once benzene has been removed, degradation rates for MTBE typically 
increase (Wilson et al, 2000).  Other studies have shown that MTBE-degrading aerobic 
microbes are relatively uncommon in the subsurface at most sites and that addition of special 
cultures and nutrients may be necessary to encourage aerobic degradation of MTBE (Spinnler 
et al, 2001). 
 
3.3 EXTENT OF HYDROCARBON IMPACTS TO SOIL 

Based on historical soil assessment data, the area residual soil hydrocarbon impact, 
characterized by GRO (TPHg) concentrations greater than 100 mg/kg reported in analyzed soil 
samples, is located on the western half of the property and partially encroaches on the adjacent 
right-of-ways in a westerly direction. The estimated lateral extent of historical petroleum 
hydrocarbon-impacted soil is shown on Figure 3. Soil sampling locations and analytical results 
are summarized in Table 2 and on Figures 3 and 7. 
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As shown on Cross-Sections A-A’ and B-B’ (Figures 4 and 5), the estimated vertical extent of 
historical soil impact is between 7 and 12 feet bgs in the area of the water table.  Using the above 
lateral and vertical limits, the estimated volume of soil historically containing petroleum 
hydrocarbons, in concentrations greater than 100 mg/kg GRO (TPHg), is approximately 2,300 
cubic yards. However, this estimate is based on analytical data collected prior to operation of the 
AS/SVE system and may not represent the existing geometry of residual soil hydrocarbon impact, 
which is more likely to be smaller in volume. 
 
3.4 EXTENT OF HYDROCARBON IMPACTS TO GROUNDWATER 

Historically, dissolved hydrocarbons have been reported in groundwater samples collected from 
24 of the 26 wells. The greatest reported GRO, benzene, and MTBE concentrations prior to 
remediation activities were 120,000 µg/L (MW-15 on September 2, 1993), 15,000 µg/L (MW-17 
on March 23, 1998 and MW-19B on September 28, 1994), and 210,000 µg/L (MW-15; March 
20, 1997), respectively (Table 4A).  Since the second quarter of 2004 (several quarters following 
remedial system shut-down), 11 of the remaining 17 wells (9 destroyed in 1993 due to upgrade 
activities) have not had GRO or benzene detected above laboratory reporting limits. 
Additionally, GRO and benzene have not been reported above laboratory reporting limits in 
downgradient wells MW-19A, MW-22, MW-24, or MW-25. Since the second quarter of 2004, 
MTBE has not been detected above reporting limits in eight of the remaining 17 wells.  
 
Based on groundwater sample analytical results collected to date, the limits of the dissolved 
benzene and MTBE plumes are effectively defined within practical limits.  Benzene and MTBE 
concentrations have generally decreased over time in the wells with historical reported 
concentrations.  GRO and Benzene concentrations have not been detected in the most 
downgradient wells (MW-19A, MW-22, MW-24, and MW-25); therefore, it does not appear that 
the dissolved GRO and benzene plumes are migrating.  MTBE concentrations have been 
detected in some of the same downgradient wells; however, MTBE concentrations in 
downgradient wells have generally decreased over time.  
 
Historic groundwater gauging results are summarized in Table 3 and historical groundwater 
sample petroleum hydrocarbon analytical results are summarized in Tables 4a and 4b. 
Groundwater elevations and the gradient have generally been consistent at the site; 
representative groundwater elevations and the gradient are illustrated on Figure 6 (third quarter 
of 2005 [September 12, 2005]). The historical distribution of dissolved GRO (TPHg), benzene 
and MTBE for select sampling events during 1996, 1998 and 2000, and the most recent event 
on September 12, 2005, are summarized in Figures 9A through 9D. Benzene and MTBE 
isoconcentration contours for select sampling events during 2001 and 2003 and the most recent 
event on September 12, 2005, are shown on Figures 10A through 10C. 
 
3.5 POTENTIAL FOR COC MIGRATION DUE TO SUBSURFACE UTILITIES 

Man-made pathways for potential COC migration are located on site and in the site vicinity. The 
pathways are subsurface utilities that may include cable, electricity, gas, phone, sewer, storm 
drain, and water conduits.   The depth of utilities in general are buried in trenches at depths 
ranging from 1.5 to 8 feet bgs.  Because depth to water beneath the site and vicinity ranges 
between approximately 6 and 10 feet bgs, the subsurface utilities may act as migration 
pathways for hydrocarbons in groundwater.   



SECOR 
 
 

Ar191975(CAP).doc 13 October 21, 2005 
SECOR Project No. 08BP.01919.07 

 
3.6 EXPOSURE PATHWAYS 

Based on existing site conditions, the only potentially complete exposure pathways for the 
subject site are (1) ingestion of impacted groundwater; (2) vapor inhalation due to COC 
volatilization from impacted soil or groundwater below the site and adjacent sites; (3) impact to 
environmental receptors; (4) ingestion of impacted soil and dust; and (5) dermal contact with 
impacted soils.  These potential exposure pathways are evaluated below. 
 
Due to saltwater intrusion into the shallow groundwater aquifer from the Pacific Ocean to the 
west of the site, groundwater in the site vicinity and generally to the west of Interstate 5 is not 
currently used for municipal supply.  Also, as noted in the Limited Receptor Survey in Section 
2.5 above, no public wells were identified within one mile of the site.  Therefore, this exposure 
pathway is incomplete. 
 
The presence of hydrocarbons, particularly benzene and MTBE, in soil and groundwater 
beneath the site represents a potential complete vapor inhalation exposure pathway.  In this 
pathway the COCs would volatilize from impacted soil and groundwater.  The resulting 
hydrocarbon vapors would then migrate vertically through the subsurface soil and asphalt or 
concrete surface into the breathing zone at the site.  Known areas of soil and groundwater 
impact below the site are located approximately 30 to 40 feet away from  enclosed structures at 
the site.  The known areas of soil and groundwater impact off-site are concentrated below the 
intersection of Via de la Valle and Jimmy Durante Boulevard and are not located beneath  
enclosed structures.  As a result hydrocarbon vapors that migrate to the surface would tend to 
become diluted with outdoor air and dispersed by winds.  Therefore, due to the existing on and 
off-site conditions and site use, the level of risk posed by the vapor inhalation exposure route is 
low.  If site use was to change and enclosed structures were to be placed over the hydrocarbon-
impacted areas, then the level of risk due to this exposure pathway may increase.   
 
The San Dieguito River and San Dieguito Lagoon, located approximately one-half mile south of 
the site, are the nearest downgradient surface water receptors.  Groundwater samples collected 
from the furthest downgradient well (MW-22; approximately 345 feet south the site) during the  
second and third quarterly monitoring periods of 2005 have revealed that MTBE impact is 
present at levels near or below the California primary maximum contaminant level of 13 µg/L.  
MTBE concentrations have generally been decreasing over time downgradient of the site,  
therefore, this pathway is incomplete. 
 
During normal site operations, exposure to impacted soil and/or dust is unlikely to occur 
because the site is predominantly covered with asphalt and concrete.  The potential exists if 
future work is performed that involves the disturbance of subsurface soil at the site or in the site 
vicinity.  The potential for contaminant exposure during activities can be minimized through 
worker safety training, dust control, and the use of personal protective equipment. 
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4.0 DETERMINATION OF APPLICABLE CLEANUP LEVELS 

SECOR proposes soil and groundwater cleanup goals that are protective of human health and 
the environment.   
 
4.1 SOIL 

SECOR proposes soil cleanup goals that are protective of current and future beneficial 
groundwater uses and human health and safety.  Specific numeric cleanup goals have not been 
developed for this site.     
 
4.2 GROUNDWATER 

To protect current and potential future beneficial uses of groundwater and surface water in the 
vicinity, long-term cleanup levels that are protective of human health and the environment will 
be applied.  These long-term groundwater cleanup goals are presented in the table below:   
 

Applicable Groundwater Cleanup Levels – 
Potential Future Use as Municipal Drinking Water Supply 

Chemical Target Concentration (µg/L) 

Benzene 1 – California primary maximum contaminant level 
(MCL) 

Toluene 150 - California primary MCL 
Ethylbenzene 300 - California primary MCL 
Xylenes 1,750 - California primary MCL 
MTBE 13 – California primary MCL 
TBA 12 – California State action level 
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5.0 FEASIBILITY STUDY 

The purpose of this section is to evaluate alternative site remediation strategies for 
appropriateness and cost-effectiveness.  Based on the evaluation, the most appropriate and 
most cost-effective strategy will be selected for implementation at the site.  The main focus is 
the long-term protection of current and future beneficial groundwater uses in the area, with 
MTBE being the primary COC.  The remedial strategy to be implemented will be chosen based 
on the following objectives (listed in order of importance):   
 

1. Stop migration of the dissolved-phase hydrocarbon groundwater plume.  
2. Reduce the concentration of dissolved-phase hydrocarbons in groundwater to levels that 

are protective of current and future beneficial uses.  
3. Reduce the source mass of hydrocarbons in vadose zone and capillary-fringe soil.  

 
5.1 REMEDIAL TECHNOLOGY SCREENING 

A list of proven remedial technologies was screened for applicability at the site.  A remedial 
technology screening matrix is presented as Table 7.  Site-specific conditions that involve 
impact to soil and groundwater were considered for the initial screening of corrective action 
technologies.  Technologies that passed the initial screening are listed below:  
 

• Pump-and-Treat  
• Excavation and Off-Site Disposal 
• Soil Vapor Extraction (SVE) 
• Dual-Phase Extraction (DPE) 
• Air Sparging (AS) w/ SVE 
• In-Situ Enhanced Bioremediation 
• Bioventing 
• Biosparging 
• In-Situ Chemical Oxidation (ISCO) 
• Remediation by Natural Attenuation (RNA) 

 
5.2 REMEDIAL ALTERNATIVES 

The remedial technologies that passed the initial screening were used to develop three remedial 
alternatives that, in SECOR’s opinion, can best achieve the remedial goals.  These alternatives 
are described below. 
 
5.2.1 Alternative 1 – Remediation by Natural Attenuation (RNA)  

RNA is a passive remedial method that involves no active remediation. RNA is a multi-
component process that incorporates biological mechanisms (biodegradation), chemical 
mechanisms (oxidation and hydrolysis), and physical mechanisms (dispersion, volatilization, 
and sorption).  Groundwater monitoring data (Table 4A) show that dissolved benzene and 
MTBE concentrations have continued to decrease. This suggests that the remaining dissolved 
hydrocarbon concentrations in groundwater are currently being reduced through the processes 
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of natural attenuation.  Additionally, on September 12 and 13, 2005, SECOR collected and 
submitted groundwater samples for evaluation of baseline RNA indicator parameters.  An 
evaluation of this data (Section 2.6) suggested that RNA is occurring in groundwater below the 
site.  RNA involves no further active remediation, and no further monitoring of groundwater.  
This remediation method is the most cost-effective of the three proposed alternatives at $0 
(Table 8).   
 
5.2.2 Alternative 2 - In-Situ Air Sparging (AS) w/ Soil Vapor Extraction (SVE)  

This alternative would use AS and SVE to remediate the saturated and unsaturated soil zone.  
The SVE system would consist of a 10-horsepower vacuum blower connected to approximately 
six on-site wells and six off-site wells.  The AS system would consist of a 10-horsepower rotary 
screw air compressor connected to approximately six on-site and six off-site air sparging wells.  
The SVE and AS wells would be connected to the on-site treatment equipment compound by 
below-grade piping.  The extracted soil vapor would be treated using a catalytic oxidation 
system.  Treated soil vapor would be discharged under permit to the atmosphere.  In later 
stages of the project, the oxidation system could be replaced by activated carbon adsorbers.  
This system would also promote biostimulation by increasing the dissolved oxygen in the 
groundwater.   
 
The AS and SVE equipment, and a portion of the necessary below grade piping for this 
alternative are already in place as on-site AS/SVE was performed at the site from 1995 to 2003.  
The main capital cost necessary for this alternative is the installation of six off-site AS/SVE 
wells, six additional on-site AS/SVE wells, and connecting below grade piping.  It is expected 
that approximately 24 months of AS/SVE system operation would be required to lower dissolved 
hydrocarbons to asymptotic concentrations at which time the system could be shut down.  The 
final goal, achieving groundwater MCLs, would be completed by RNA.  The time required for 
this last step would be estimated after the shutdown of the AS/SVE system.  The estimated cost 
for this alternative is approximately $338,695 (Table 9).  
 
5.2.3 Alternative 3 - In-Situ Chemical Oxidation (ISCO)   

In this alternative a network of twelve sparge wells is installed across the plume area 
(approximately six on-site and six off-site within the intersection).  An ozone generator system is 
connected to the wells by below grade piping and used to inject a mixture of air and ozone or 
oxygen and ozone into the sparging wells.  The injected ozone directly oxidizes dissolved 
hydrocarbons in the groundwater, converting them to carbon dioxide and water.  The injected 
ozone also increases dissolved oxygen levels in groundwater which promotes in-situ 
bioremediation of the hydrocarbons.  The ozone sparging would be conducted at low flow rates 
(less than 4 cubic feet per minute) in a pulsed fashion.  Based on results of previous SVE at the 
site, low flow ozone sparging is not expected to generate significant off-gassing of volatilized 
hydrocarbons.  Therefore, no off site SVE system is proposed.   
 
It is expected that approximately 12 months of ozone system operation would be required to 
lower dissolved hydrocarbons to asymptotic concentrations at which time the system could be 
shut down.  The final goal, achieving groundwater MCLs, would be completed by RNA.  The 
time required for this last step would be estimated after the shutdown of the ozone system.  The 
estimated cost for this alternative is approximately $270,302 (Table 10).  
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5.3 SELECTED REMEDIAL ALTERNATIVE   

A comparison of the advantages and disadvantages of the proposed alternatives is provided in 
Table 11.  After comparing the three alternatives it appears that all of the proposed alternatives 
would result in an adequate level of protection of human health, and protect the environment 
and beneficial uses of groundwater and surface water in the vicinity of the site.  Each alternative 
would effectively reduce the remaining hydrocarbons in the subsurface over time, and each 
alternative is easy to implement.  Most other factors in the matrix are also nearly equal in terms 
of short and long-term effectiveness of remediation, and impact to the surrounding community.   
 
Given that all three of the proposed alternatives would be effective in reaching the cleanup 
goals, the selection process is narrowed down to a cost comparison (Table 11).  Based on cost 
considerations, RNA is the preferred remedial alternative for the remaining hydrocarbon impact 
at the site.   
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6.0 ESTIMATED TIME FOR GROUNDWATER CONDITIONS TO REACH 
CLEANUP GOALS 

This section provides an estimate of the time required for dissolved hydrocarbon concentrations 
in groundwater below the site to reach State of California primary drinking water MCLs by the 
processes of natural attenuation.  Baseline RNA parameter testing results from the third quarter 
2005 (September 2005) groundwater monitoring and sampling event indicate biodegradation is 
occurring at the site (see Section 2.6).  In addition, periodic quarterly sampling analytical results 
indicate that the dissolved hydrocarbon plume below the site is shrinking and not migrating 
(Section 3.0).  GRO and benzene concentrations have not been detected in the most 
downgradient wells (MW-19A, MW-22, MW-24, and MW-25); therefore, it does not appear that 
the dissolved GRO and benzene plumes are migrating.  MTBE concentrations have been 
detected in some of the same downgradient wells; however, MTBE concentrations in 
downgradient wells have generally decreased over time.  
 
As reported in the third quarter 2005 monitoring report for the site (samples collected on 
September 12th and 13th, 2005) there are currently 11 monitoring wells at the site (MW-6, 
MW-15 through MW-18, MW-19B, MW-21, MW-22, MW-24, and MW-25) that either historically 
or consistently contain dissolved benzene and/or MTBE above the State of California primary 
MCLs of 1.0 µg/L and 13 µg/L, respectively.  Hydrocarbon concentrations in the other eight 
monitoring wells (MW-10, MW-11, MW-13, MW-14, MW-19A, MW-20, MW-23, and MW-26) 
have been near or below the MCLs for at least one year (or since the well was installed, in the 
case of MW-11, MW-14, MW-23, and MW-26).  The most recent dissolved benzene and MTBE 
analytical results are summarized in Table 4A and on Figure 10C (note that some wells were 
not sampled during September 2005 due to the well sampling reduction program).  
 
6.1 DATA ANALYSIS 

It has been observed at fuel hydrocarbon sites that the attenuation of dissolved hydrocarbon 
concentrations generally follows a first-order decay trend once the majority of hydrocarbon 
source material has been removed. The following equation has been used to describe the 
observed concentration decrease at a point (e.g. monitoring well) within a dissolved 
hydrocarbon plume: 
 

C = Coe-kt 
 
Where:  C = concentration at time t (µg/L) 
  Co = peak concentration (µg/L) 
  k = overall attenuation rate constant (days-1)  
  t = elapsed time after observation of peak concentration (days)   
 
To estimate the time required for remaining dissolved-phase petroleum hydrocarbons beneath 
the site to attenuate to MCLs through RNA, SECOR used concentration trends of representative 
dissolved hydrocarbon compounds (benzene and MTBE) in key wells at the site to estimate 
site-specific first-order attenuation rate constants.  The resulting rate constants were then used 
to extrapolate the estimated time required for remaining dissolved-phase hydrocarbons at the 
site to reach MCLs through RNA.    
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Based on their locations (cross and downgradient) and historical petroleum hydrocarbon 
concentration trends, wells MW-16 and MW-18 were selected to be representative key wells for 
estimating the attenuation rate constants for benzene and MTBE. The estimated attenuation 
rate constants were then applied to the wells with the highest recent benzene and MTBE 
concentrations to extrapolate the time required for these compounds to reach MCLs.  Based on 
data for the past year, the two wells with the highest reported benzene concentrations are wells 
MW-15 (1,700 µg/L on September 13, 2005) and MW-21 (490 µg/L on March 8, 2005), located 
down and cross-gradient of the USTs, respectively.  The two wells with the highest reported 
MTBE concentrations are wells MW-15 (16,000 µg/L on September 13, 2005) and MW-18 
(4,300 µg/L on September 12, 2005). It is also noteworthy, that although well MW-16 has not 
been sampled in over one year, due to the well sampling reduction program and access 
restrictions, the most recent reported MTBE concentration in this well was 5,900 µg/L 
(February 25, 2004).    
 
The benzene data set used for analysis from MW-16 ranges from the maximum reported 
concentration of 5,900 µg/L on September 28, 1994 to the most recent concentration detected 
above laboratory reporting limits of 26 µg/L on May 10, 2000.  Dissolved benzene was not 
detected above reporting limits in samples collected from well MW-16 after May 2000.  A 
semi-log plot of benzene concentration versus time for well MW-16 is presented as Figure 12A.  
A least-squares statistical method was used to calculate the best-fit line through the data set.  
The best-fit line and equation are included on Figure 12A.  The slope of the best-fit line (0.0039 
days-1) is the estimated first-order attenuation rate constant for the data set. The first order 
decay equation and estimated rate constant was then used to extrapolate the time required for 
benzene concentrations to reach 1.0 µg/L.  Using the estimated attenuation rate constant in well 
MW-16, benzene concentrations in the vicinity of wells MW-15 and MW-21 will reach 1 µg/L in 
approximately 5.12 and 3.73 years, respectively.  A summary of the benzene concentration 
trend analysis for well MW-16, and extrapolation for wells MW-15 and MW-21 is provided in 
Table 12.   
 
The MTBE data set used for analysis from MW-16 ranges from the maximum reported 
concentration (45,000 µg/L on March 20, 1997) to the most recent result (5,900 µg/L on 
February 25, 2004). A semi-log plot of MTBE concentration versus time for well MW-16 is 
presented as Figure 12B, which includes the least-squares statistical method best-fit line and 
equation. The slope of the best-fit line (0.001 days-1) is the estimated first-order attenuation rate 
constant for the data set. The first order decay equation and estimated rate constant was then 
used to extrapolate the time required for MTBE concentrations to reach 13.0 µg/L.  Using the 
estimated attenuation rate constant in well MW-16, MTBE concentrations in the vicinity of wells 
MW-15 and MW-16 will reach 13.0 µg/L in approximately 19.39 and 13.73 years, respectively 
(Table 12).   
 
The MTBE data set used for analysis from MW-18 ranges from the maximum reported 
concentration (11,000 µg/L on May 10, 2000) to the most recent result (4,300 µg/L on 
September 12, 2005).  A semi-log plot of MTBE concentration versus time for well MW-16 is 
presented as Figure 12C, which includes the least-squares statistical method best-fit line and 
equation. The slope of the best-fit line (0.0006 days-1) is the estimated first-order attenuation 
rate constant for the data set.  The first order decay equation and estimated rate constant was 
then used to extrapolate the time required for MTBE concentrations to reach 13.0 µg/L.  Using 
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the estimated attenuation rate constant in well MW-18, MTBE concentrations in the vicinity of 
wells MW-15 and MW-18 will reach 13.0 µg/L in approximately 32.39 and 25.33 years, 
respectively (Table 12).  
 
6.2 ESTIMATED TIME TO REACH MCLS 

Based on a review of the site data and experience at similar sites, it is estimated that 
groundwater concentrations below the site will reach MCLs in approximately 50 years.  This 
estimate allows for a reasonable amount of uncertainty due to the possible presence of small 
pockets of residual hydrocarbons below the site that could result in future short-term 
concentration spikes.  Also, this estimate does not account for the possibility of a future release 
at the site. 
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7.0 CORRECTIVE ACTION WORK PLAN 

Based on the selection of Remedial Alternative 1 (RNA), no further active remediation would be 
required. A permit application for well destruction will be prepared following concurrence from 
SAM with this CAP and completion of the required 30-day public notification period.   
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8.0 VERIFICATION MONITORING AND REPORTNG PLAN 

Further monitoring and reporting are considered unnecessary at the site because RNA has 
been demonstrated by the existing monitoring program.  It is SECOR’s professional opinion that 
sufficient monitoring of the groundwater quality at the site has already occurred.   
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9.0 PUBLIC NOTIFICATION 

A public notification program will be implemented as part of the Corrective Action Plan approval 
process.  This program will include distribution of Public Notices to adjacent local businesses, 
residences and the local planning agency.  The public notice will describe the proposed CAP 
and invite interested parties to review the CAP at a local library and/or the offices of the SAM.  
There will be a 30-day period for the public to review the CAP and to comment directly to the 
SAM.   
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Capital Equipment and Construction
System Construction $0
System Start Up And Trouble Shooting $0
Total Cap/Const $0

Drilling Costs
Number of Wells 0
Drillers Cost for Dual SVE/AS ($/ft) NA
Depth per Well 0
Permits $0
Consultant Fees $0
Total Drilling Costs $0

Utility Costs
Total Motor HP NA
Run Time (%) NA
Power Cost ($/kw-hr) NA
Monthly Power Cost NA
Monthly Utilities $0

O&M Costs
Expected Duration (months) NA
Monthly O&M (excluding Utilities) $0.00
Total O&M Costs (incl Utilities) $0

System Decommissioning $0

Total Cost $0

ARCO Facility #1919

Table 8
Cost Estimate for Alternative 1 - Remediation by Natural Attenuation
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Capital Equipment and Construction
200 cfm Cat-Ox existing
10-HP Sparge Blower existing
Misc. Parts $10,000
AS/SVE System Expansion to 12 New Wells $125,000
System Start Up And Trouble Shooting $6,000
Total Cap/Const $141,000

Drilling Costs
Number of Dual AS/SVE Wells 12
Drillers Cost for Dual SVE/AS ($/ft) $35
Depth per Well 20
Permits $1,974
Consultant Fees $7,500
Total Drilling Costs $17,874

Utility Costs
Total Motor HP 20
Run Time (%) 100%
Power Cost ($/kw-hr) $0.15
Monthly Power Cost $1,609.20
Natural Gas $1,500.00
Monthly Utilities $3,109

O&M Costs
Expected Duration (months) 24
Monthly O&M (excluding Utilities) $2,300.00
Total O&M Costs (incl Utilities) $129,821

System Decommissioning $50,000

Total Cost $338,695

ARCO Facility #1919

Table 9
Cost Estimate for Alternative 2 - Air Sparging with Soil Vapor Extraction 
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Capital Equipment and Construction
Ozone Sparge System $45,000
System Construction $125,000
System Start Up And Trouble Shooting $6,000
Total Cap/Const $176,000

Drilling Costs
Number of Ozone Sparge Wells 12
Drillers Cost for Dual SVE/AS ($/ft) $25
Depth per Well 20
Permits $1,974
Consultant Fees $7,500
Total Drilling Costs $15,474

Utility Costs
Total Motor HP 5
Run Time (%) 100%
Power Cost ($/kw-hr) $0.15
Monthly Power Cost $402.30
Monthly Utilities $402

O&M Costs
Expected Duration (months) 12
Monthly O&M (excluding Utilities) $2,000.00
Total O&M Costs (incl Utilities) $28,828

System Decommissioning $50,000

Total Cost $270,302

ARCO Facility #1919

Table 10
Cost Estimate for Alternative 3 - In-Situ Chemical Oxidation 
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TABLE 11  
EVALUATION MATRIX FOR REMEDIAL ALTERNATIVES 

ARCO FACILITY #1919 
 

Evaluation Criteria Alternative 1 – Remediation by Natural 
Attenuation (RNA) 

Alternative 2 –  Air Sparging (AS) with 
Soil Vapor Extraction (SVE) 

Alternative 3 – In-Situ Chemical 
Oxidation (ISCO) using Ozone 
Sparging 

1.  Description of 
Alternative 

Dissolved hydrocarbon plume is allowed 
to reach State Maximum Contaminant 
Levels by natural attenuation.  
 
 

SVE will be used to remediate the 
unsaturated soil zone.  Air sparging (AS) 
would be utilized to accelerate 
remediation of impacted soil.  AS will 
remove dissolved contaminants, enhance 
SVE system effectiveness, and promote 
bioremediation.   

Compressed air containing approximately 
500 ppmv ozone is injected into sparge 
wells.  The ozone/air mixture directly 
oxidizes hydrocarbons in the saturated 
zone and promotes biodegradation by 
increasing dissolved oxygen 
concentrations.     

2.  Level of 
Protection of 
Human Health, 
the Environment, 
and Beneficial 
Uses of Ground 
and Surface 
Waters 

This alternative provides an adequate 
level of protection of human health, the 
environment, and beneficial uses of 
ground and surface waters.  
 
Implementation would not significantly 
increase the potential exposure of 
humans to hydrocarbon impacted soil and 
groundwater. 

This alternative provides an adequate 
level of protection of human health, the 
environment, and beneficial uses of 
ground and surface waters. 
 
Implementation will slightly increase the 
potential exposure of humans and the 
environment through the extraction, 
treatment, and discharge of impacted 
groundwater and/or soil vapor.  This 
potential exposure would be limited to a 
moderate time span and can be controlled 
by monitoring and proper training of 
construction and O&M personnel.   

Same as Alternative 2 

3.  Reduction of 
Hydrocarbons 

This alternative will reduce the 
concentration of contaminants dissolved 
in groundwater and adsorbed to soil in the 
saturated zone. 

This alternative will reduce the 
concentration of contaminants below the 
site in the vadose and saturated zones. 

Same as Alternative 2 

4.  Implementation 
and Operation 

Easy to implement.  No disruptions to 
business operations during 
implementation.  
 
 

Moderately difficult to implement.  
Requires power/gas and 
construction/O&M of AS/SVE systems.  
Some disruption to local traffic and 
business operations for the site during 
installation and operation of the 
remediation system.  
 

Moderately difficult to implement.  
Requires power and construction/O&M of 
ozone sparge system.  Some disruption to 
local traffic and business operations for 
the site during installation and operation 
of the remediation system.  
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TABLE 11 (CONT.)  

EVALUATION MATRIX FOR REMEDIAL ALTERNATIVES 
ARCO FACILITY #1919 

 
Evaluation Criteria Alternative 1 – Remediation by Natural 

Attenuation (RNA) 
Alternative 2 –  Air Sparging (AS) with 
Soil Vapor Extraction (SVE) 

Alternative 3 – In-Situ Chemical 
Oxidation (ISCO) using Ozone Sparging 

5.  Cost 
Effectiveness 

Cost Estimate = $0  Cost Estimate = $338,695  Cost Estimate = $270,302  

6.  Compliance with 
Regulatory 
Guidelines 

This alternative can be implemented 
within regulatory guidelines. 

This alternative can be implemented 
within regulatory guidelines.  

This alternative can be implemented within 
regulatory guidelines.  

7.  Short Term 
Effectiveness 

 

This alternative is effective in the short 
term because natural attenuation 
processes appear to be occurring. 

This alternative is effective in the short 
term. 

This alternative is effective in the short 
term. 

8.  Long Term 
Effectiveness 

Effective in the long term.   
 

Same as Alternative 1. Same as Alternative 1. 

9.  Community 
Exceptance 

The impact to the nearby community and 
population would be negligible. 
 

Same as Alternative 1. Same as Alternative 1. 

10. Impacts on 
Water 
Conservation 

This alternative would not impact water 
conservation either negatively or 
positively. 

Same as Alternative 1. Same as Alternative 1. 
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